Summary The aim of this study was to compare interstitial laser thermotherapy with excision of a liver tumour. A dimethylhydrazine-induced adenocarcinoma was transplanted (implanted if not stated otherwise) into the left lateral lobe of the rat liver, and treatment was performed 8 days later. In the main experiment, rats were treated with resection of the tumour-bearing lobe or underwent interstitial laser thermotherapy, which was performed at a steady-state temperature of 460C for 30 min, 3 mm from the tumour margin. The incidence and extent of intraperitoneal spread was smaller after laser thermotherapy than after resection of the tumour-bearing lobe, with no difference in local control. Metastatic spread after resection of the median liver lobe was similar to that observed after sham procedures for thermotherapy or resection, suggesting that the advantage of thermotherapy was not due to a difference in surgical trauma. Additional studies showed that laser thermotherapy reduced intraperitoneal spread when treatment was suboptimal or in a tumour inoculation model and suggested that immunological mechanisms might be involved. It is concluded that interstitial laser thermotherapy reduces spread of liver tumour compared with resection.
Liver resection of localized disease gives 5-year survival rates of 20-40% for primary or colorectal liver cancer (Hughes et al, 1988; Farmer et al, 1994; Scheele et al, 1995) . Adjuvant chemotherapy has been shown to improve survival after curative resection of colon carcinoma (Moertel et al, 1990 ), but has not been demonstrated to give a survival advantage after curative resection of colorectal liver metastases (August et al, 1985) .
Several experimental studies have shown that surgical resection may contribute to recurrence, growth of (micro)metastases and distant spread. These unwanted effects of surgery may be caused, at least partly, by immunosuppression and by the release of growth factors involved in tissue healing (Eggermont et al, 1987; Loizidou et al, 1991; Panis et al, 1992; Pollock et al, 1992; Dingemans et al, 1993; Oka et al, 1994; Slooter et al, 1995) . One of the advantages of local tissue destruction is that the trauma is small compared with surgery. It has been shown that interstitial laser thermotherapy induces well-defined and reproducible liver necrosis and that it may be efficient in local treatment of liver tumours (Amin et al, 1993; van Hillegersberg et al, 1994; Moller et al, 1996 Moller et al, , 1997 Tranberg et al, 1996) .
Regeneration factors are released after liver resection and may contribute to stimulation of tumour growth (Loizidou et al, 1991; Namieno et al, 1991; Mizutani et al, 1992; Jiang et al, 1993; de Jong et al, 1995) . Another possible advantage of local tissue destruction is that tumour breakdown products may give rise to a favourable increase in the immune response against the tumour (Dickson and Shah, 1982) .
Laser thermotherapy may thus improve treatment results by diminishing the trauma associated with excisional treatment and by activating immunological mechanisms. The aim of this study was to compare interstitial laser thermotherapy with excision of an adenocarcinoma transplanted into rat liver.
MATERIAL AND METHODS

Animals and tumour
Inbred male Wistar FU rats (M0llegaard, Ejby, Denmark), weighing 215-300 g, were used. They were housed three per cage and had free access to standard food pellets (Ewos R3; Lactamin AB, Sodertalje, Sweden) and tap water ad libitum. The tumour was a dimethylhydrazine-induced, weekly immunogenic adenocarcinoma of the rat colon, obtained from the Wallenberg Research Laboratory, Lund (Steele and Sjogren, 1974) . The tumour was propagated by weekly intraperitoneal passages in inbred Wistar rats. Generations 138-147 were used in this study.
A tumour implantation model was used in most experiments, including the main series comparing interstitial laser thermotherapy with resection. Vital and macroscopically homogenous tumour was cut into pieces, 1 mm in diameter. Tumour implantation was performed under anaesthesia with intraperitoneal injection of chloral hydrate 5% (0.5 mg per 100 g body weight). At midline laparotomy and using an operating microscope (Olympus OMK 1, Olympus Optical, Japan), a 3-mm-long and 2-mm-deep incision was made on the anterior surface of the left lateral lobe of the liver into which the tumour was implanted. A piece of Spongostan (Ferrosan, S0borg, Denmark) was applied to the incision area for 5 min to avoid leakage.
For inoculation, tumour cell suspensions were prepared as described previously (Moller et al, 1997) . Through a midline abdominal incision, a 0.1-ml suspension containing 1.0 x 106 viable tumour cells was inoculated under the capsule of the anterior surface of the left lateral lobe of the liver. A piece of Spongostan was applied at the injection site for 5 min after the inoculation to minimize leakage. Tumour preparations were made immediately before transplantation and were kept on ice cubes until implanted or inoculated.
Experimental protocol -comparison with resection
One hundred and twenty rats were randomly allocated to one of the following groups: (a) interstitial laser thermotherapy (ILT), (b) sham interstitial laser thermotherapy, (c) resection of the tumourbearing left lateral liver lobe, (d) resection of the median lobe of the liver or (e) sham liver resection. All treatments were performed under ether anaesthesia using a midline abdominal incision. Treatment was performed 8 days after implantation. At that time the longest and shortest diameters of the tumour were 8.9 ± 0.1 and 7.9 ± 0.1 (mean ± s.e.m.) mm, respectively, and did not vary between the treatment groups (P > 0.05). The thickness of the liver parenchyma was about 4 mm, and the thickness of the tumourcontaining parenchyma was 6.5 ± 0.1 (mean ± s.e.m.) mm.
Treatment was performed at a steady-state target temperature of 46°C for 30 min. The treatment characteristics were based on previous studies defining the temperature and duration of treatment needed for complete tumour necrosis, as judged 6 days after treatment (Moller et al, 1997) .
Rats were sacrificed 6, 12 and 24 days after treatment (n = 8 in each group and at each interval). The liver, lungs, peritoneum and all tissue containing suspect tumour growth was examined microscopically. The extent of tumot.r growth was categorized in the following way: 0, no tumour; I, one to three tumours; II, four to ten tumours; III, more than ten tumours.
Experimental protocol -supplementary studies on the effect of interstitial laser thermotherapy Additional randomized experiments were performed to investigate (a) the effect of different treatment times and temperatures, including suboptimal treatment conditions, on metastatic spread; (b) whether the difference between ILT and resection was present in a tumour inoculation model; and (c) the effect on growth and metastases after passage of suboptimally treated tumour.
The experimental procedures differed from those in the main series (comparison with resection after tumour implantation) in the following way. Two series of experiments were designed to evaluate the effect of different heating parameters. In one series, rats were randomized to receive treatment for 10, 20 or 30 min at a steady-state target temperature of 46°C, 3 mm from the tumour margin. In the other series, treatment was given at suboptimal temperatures, which was assured by controlling temperature at 44°C for 30 min with the feedback master probe placed at the tumour border. In another experiment we compared ILT and resection of the tumour-bearing lobe after inoculating tumour cells beneath the liver capsule. Finally, the following experiment was performed to investigate whether the effect of heating can be demonstrated after transfer of suboptimally treated tumour. Rats received laser thermotherapy for 10 min at 43°C, and the liver tumour was removed 6 days after treatment. Two pieces, 1 mm in diameter, of macroscopically viable tumour was excised; one piece was used for implantation into an untreated rat, whereas the other piece was saved for microscopic examination to confirm the presence of viable tumour cells. Control experiments using bromodeoxyuridine immunoreactivity confirmed the presence of viable cells (data not shown). The rats were sacrificed 8 days after the second implantation. All series included sham laser thermotherapy and had eight rats in each group. Interstitial laser thermotherapy Treatment was carried out with a system consisting of an Nd:YAG laser and a temperature feedback control unit interfaced with the laser, as described in detail elsewhere (Moller et al, , 1997 .
The laser beam was delivered through a 600-gm flexible bare fibre at a laser output power of 2 W. The temperature was measured at 2.0-s intervals with 2K7 thermistor probes, covered distally with medical grade teflon inserted into a steel cannula (outer diameter 0.6 mm) for direct puncture (Microtherm, Lund, Sweden). The temperature signal from the feedback thermistor probe (master) was used to turn the laser on or off at the preset temperature level. The bare fibre was placed at right angles into the centre of the tumour at a depth measuring one-third of the thickness of the liver including the tumour. A feedback thermistor probe was placed perpendicularly into the liver parenchyma at a distance of 3 mm from the tumour margin and at a depth of 2 mm from the liver surface. The distance from the tip of the bare fibre to the thermistor probe averaged 7.4 ± 0.1 (mean ± s.e.m.) mm.
A 400-gm light detecting quartz fibre (Laser Therapeutics, Buellton, CA, USA) was placed 10 mm from the tumour centre and was inserted parallel to the axis of the emitting laser fibre. Light was measured as previously described (Moller et al, , 1997 . Light intensity was given in arbitrary units after normalization of the measurements to those taken at the start of laser activation in each experiment.
In the sham laser thermotherapy groups, rats were treated exactly as in the laser thermotherapy group with the exception that the laser was not activated.
Resectional procedures
Resection of the tumour-bearing left lateral lobe was performed after division of the falciform ligament and the triangular plicae on the left side. A ligature of 4-0 Suturamid (Johnson & Johnson, Sweden) was tied around the most central part of the venous and arterial pedicle to the left lateral liver lobe. The liver was transected with scissors 1-2 mm distal to the ligature and 10.3 ± 0.4 (mean ± s.e.m., range 7.0-15.0) mm proximal to the tumour, as measured macroscopically. Soft gauze was carefully placed under the left lateral liver lobe to collect possible bleeding from the resection line. The median lobe of the liver was resected in the same way after division of the falciform ligament and the triangular plicae on the right side. In the sham liver resection group, the abdomen was left open for 15 min corresponding to the time used for liver lobe resection.
Histopathology
The livers with tumours were delivered uncut to the pathologist who examined the specimens while unaware of the treatment. A section was cut through what was considered to be the largest diameter of the lesion(s), sometimes supplemented with one or two additional sections. Microscopical examination was performed on three, occasionally four or five, sections of the tumour or necrosis. The sections were stained with haematoxylin-eosin.
In order to improve the estimation of tumour cell killing in rats sacrificed 6 days after laser thermotherapy, bromodeoxyuridine, BrdU (5 mg), was injected into the penile vein 60 min before sacrifice. The liver, lungs and all suspected tumours were fixed in a phosphate-buffered saline (PBS) solution (pH 7.4) of freshly prepared, depolymerized 4% paraformaldehyde for 24 h and embedded in paraffin for immunohistochemistry against BrdU using a method described previously (Wang et al, 1995; Moller et al, 1997) . Counterstaining was performed with Mayer's haematoxylin. Sections from the same site were also stained with haematoxylin-eosin.
Calculations
Lesion size (V) was estimated according to the formula V = a x b2/2, where a is the largest width and b is the maximum diameter perpendicular to the width of the tumour (Carlsson et al, 1983) . Before treatment these measurements, including measurement of the liver thickness, were performed during laparotomy using a vernier calliper. Lesion size (necrotic tissue and remaining tumour) was measured under the microscope with an ocular micrometer, because it was impossible to distinguish necrosis, inflammatory changes and tumour with the naked eye, especially in rats that had been treated with laser thermotherapy.
Paired differences were tested with the Wilcoxon test and the significance of differences between groups was assessed with the Mann-Whitney or Kruskal-Wallis tests. Correlation was assessed with the Spearman rank correlation coefficient (rs). Values are means ± s.e.m. Probabilities of less than 0.05 were accepted as significant.
RESULTS
Temperature control and light penetration
In the main series (randomized comparison with resection), the temperature at the feedback thermistor during steady-state thermotherapy was 45.78 ± 0.030C. The time from start of thermotherapy until the target temperature was reached was 5.6 ± 0.9 min and the total energy used was 3.0 ± 0.19 U. In most treatments (20 out of 24) there was no carbonization and a slow decrease in light intensity to 66.2 ± 5.0% of the initial value. Carbonization occurred during the last 5 min in four sessions and resulted in a rapid decrease of light intensity to 14.5 ± 6.2% of the initial value. In the supplementary studies, no carbonization was observed when treatment was performed for 10 min at 43°C; temperature control and light penetration data were otherwise quite similar to those observed in the main series.
Liver tumour -comparison with resection
The tumour is a poorly differentiated carcinoma growing expansively in the liver without tissue reaction from the host. Thus, the tumours in rats that were not treated with thermotherapy were actively proliferating in the periphery with a rather smooth boundary to the surrounding liver tissue without inflammatory reaction. Tumours in rats undergoing sham procedures or median lobe resection had irregular necrosis in the centre. The effect of treatment on the growth of liver tumours and on body weight is summarized in Table 1 .
Laser thermotherapy
The microscopic changes seen 6 days after laser treatment have been described in detail in previous communications (Moller et al, , 1997 . In brief, the treated tumour contained cells with faintly stained British Joumal of Cancer (1998) 77(11) Figure IA) . The granulation tissue around the necrosis was rich in fibroblasts and capillaries and contained few collagen fibres and lymphocytes. The granulation tissue matured gradually, becoming broader and richer in collagen and poorer in capillaries after 12 and 24 days. The zones of polymorphonuclears and macrophages, in the peripheral parts of the necroses, were more pronounced after 12 and 24 days than after 6 days.
Six days after laser thermotherapy, there was complete tumour necrosis in all rats with no signs of viable tumour cells (Table 1) . The necrotic tumour (67 ± 12 mm3) was smaller than the pretreatment tumour volume (P < 0.05), whereas the total volume of necrosis (tumour and liver; 644 ± 107 mm3) was larger (P < 0.05). BrdU immunoreactivity, examined 6 days after laser thermotherapy only, was abundant in the granulation tissue, infrequent in parenchymal and non-parenchymal cells in the preserved liver and absent in tumour tissue or necrotic liver ( Figure 1B) .
At autopsy 12 and 24 days after laser treatment, tumour growth in the liver was found in 7 out of 16 rats and was associated with intraperitoneal spread in two. These intrahepatic tumour foci were always located within or close to the zone of granulation tissue or granulocytes (Figure 2) , both in rats with and in rats without signs of intraperitoneal spread. Vital tumour cells within necrotic tumour tissue were not observed in any rat. Local recurrence or intraperitoneal spread was not seen in the four rats in whom carbonization occurred at the end of treatment.
Control procedures
After resection of the tumour-bearing lobe, there was tumour growth at the resection margin in two out of eight rats, together with intraperitoneal tumour implants in one, at 6 days after treatment (Figure 3 ). At autopsy 12 or 24 days after resection of the tumour-bearing lobe, tumour growth at the resection margin was found in 6 out of 16 rats and was always associated with intraperitoneal deposits.
After resection of the median lobe, tumour tissue was found at the resection margin in two out of eight rats at 6 days and in 11 out of 16 rats at 12 or 24 days after resection. Tumour growth at the resection margin was associated with intraperitoneal deposits in 11. In six of these rats, it was impossible to distinguish between growth starting at the resection margin and overgrowth of the large tumour in the left lateral lobe or large intraperitoneal tumour masses.
Both types of resection gave a small rim of local liver necrosis (measuring 268 ± 38 mm3 at 6 days after resection) with a peripheral zone of polymorphonuclear leucocytes and granulation tissue. Local recurrence at resection margins after removal of the left lateral tumour-bearing lobe or the median lobe was invariably situated within or at the margin of granulation tissue, sometimes close to the zone of granulocytes (Figure 3) .
Tumour volume increased in the groups undergoing sham interstitial laser thermotherapy, resection of the median liver lobe and sham liver resection, with no differences between the groups at 24 days (P > 0.05).
Vascular invasion
At the periphery of the tumour, live tumour cells were microscopically found to invade normal host vessels in two-thirds of the rats submitted to sham procedures or median lobe resection and in two-thirds of tumours in resected left lateral liver lobes (Figure 4) .
In the laser-treated rats, peripheral, normal vessels were invaded with dead tumour cells in two out of eight rats sacrificed after British Journal of Cancer (1998) In the tumours resected 8 days after implantation (resection of the left lateral liver lobe), having a diameter of 6-10 mm, venous vascular invasion was observed as far as 1.5 mm from the tumour boundary. The resection surface of the resected specimen did not contain tumour cells and was located 9.3 ± 0.46 (range 6-12) mm from the tumour boundary, including sites of vascular invasion.
Within the tumours there were no normal vessels, which were destroyed by the expanding tumour, but only thin-walled vessels consisting merely of a layer of endothelial cells. Tumour cells were found within the lumen of these vessels only together with damaged endothelial cells and surrounding tumour cell death and/or fibrin thrombi ( Figure 5 ).
Tumour spread -comparison with resection
The incidence and extent of metastatic spread to the peritoneal cavity is summarized in Table 2 . Intraperitoneal spread increased with time in all groups except for the ILT group. Eighteen of 24 rats (75%) treated with laser thermotherapy had no signs of spread after treatment; corresponding figures for rats treated with resection of the tumour-bearing lobe was 11 of 24 (46%). The incidence and extent of intraperitoneal spread at 24 days after treatment was different between groups (Kruskal-Wallis test; P = 0.01) and was larger after resection of the tumour-bearing lobe than after thermotherapy (Mann-Whitney test; P = 0.03). Most animals in the other groups (sham laser, resection of the median lobe, sham liver resection) had extensive intraperitoneal growth, and often ascites. There was no significant difference in incidence and extent of intraperitoneal growth between these groups, or between any of these groups and resection of the tumour-bearing lobe, at 24 days after treatment (P > 0.05 in all cases).
The incidence of metastases to the liver or lungs was low. Satellite tumours close to the implanted tumour were found in rats treated with sham laser (n = 2) and sham liver resection (n = 2). Pulmonary metastases were seen at 24 days in one rat undergoing sham liver resection.
Supplementary studies on the effect of interstitial laser thermotherapy
The results are summarized in Table 3 . Treatment with different durations at 46°C produced complete tumour necrosis in all rats treated for 30 min but failed in two of eight rats treated for 10 min and in two of eight rats treated for 20 min. The extent of intraperitoneal tumour growth was different between groups (Kruskal-Wallis test; P = 0.02) and differed between the sham group and the combined ILT group (Mann-Whitney test; P = 0.002). Intended incomplete treatment (ILT at 44°C at the tumour border for 30 min) resulted in moderate (about 50%) reduction in liver tumour volume and in reduced intraperitoneal spread (Mann-Whitney test; P = 0.02).
After inoculation of tumour cells, there were small satellite tumours, clearly separated from the main tumour, in the liver of most of the treated rats and in all untreated control rats. Microscopic findings were otherwise quite similar to those observed after implantation, both before and after treatment. In the tumour inoculation model, complete local treatment gave a less pronounced intraperitoneal spread than liver resection or sham thermotherapy (Mann-Whitney test; P = 0.002 and P = 0.001 respectively). Two rats in the sham laser thermotherapy group, and none in the other groups, had lung metastases. Finally, passage of incompletely treated (ILT for 10 min at 43°C), viable tumour resulted in a smaller liver tumour volume, as compared with sham treatment, after 8 days in the recipient rat (P = 0.02). This was not associated with a significant decrease in intraperitoneal spread (P > 0.05).
DISCUSSION
This study showed that interstitial laser thermotherapy can achieve local control of an adenocarcinoma transplanted into rat liver and that it was followed by a smaller incidence and extent of intraperitoneal spread than resection of the tumour-bearing lobe of the liver.
Hepatic recurrence and intraperitoneal tumour growth may have been due to invasion of tumour cells into vessels or dislodgement of tumour cells into the peritoneal cavity. Tumour cells at the tumour periphery were found to invade host venous vessels in two-thirds of tumours in the resected tumour-bearing liver lobes ( Figure 4 ). The microscopic sections are 5 ,tm thick and the tumours more than 6 mm. As only a minor part of the tumour periphery was examined, it may be appropriate to assume that all tumours infiltrated venous vessels at the tumour border at the time of treatment.
It cannot be excluded that hepatic recurrence after laser thermotherapy was due to incomplete treatment, especially in rats without concomitant intraperitoneal spread. However, viable tumour cells were never observed within the necrotic tumour tissue in laser-treated rats, which would be an expected finding after incomplete treatment. As for the mechanism of local recurrence, it should be noted that hepatic recurrence, in rats treated with laser or resection, was always located within or close to granulation tissue. Tissue trauma and healing enhances the take and growth of both circulating and implanted tumour cells, which may be due to local growth factors, angiogenesis and/or clot formation (van den Brenk et al, 1973; Withers and Milas, 1973; Eggermont et al, 1987; Orr and Warner, 1987; Weiss et al, 1988; Murthy et al, 1989; Loizidou et al, 1991; Dingemans et al, 1993) . There is a two-to threefold rise in transaminases shortly after laser treatment (Bosman et al, 1991; Masters et al, 1992; van Hillegersberg et al, 1994) . Changes in liver function tests after the simple resection performed in this study are similar to, or higher than, those observed after laser thermotherapy (Bengmark and Tranberg, 1984) . Surgery or surgical manipulation increases the shedding of tumour cells into the circulation and the wounded area (Nishizaki et al, 1990; Eschwege et al, 1995; Hansen et al, 1995; Choy and McCulloch, 1996) . In our experiments the risk of shedding or dislodgement of tumour cells should have been relatively large at the time of implantation or treatment. Manipulation of the tumour was more pronounced during laser thermotherapy than during liver resection, and there was a large incidence of intraperitoneal spread in rats undergoing sham laser therapy (Tables 2 and 3) . A relatively small shedding of tumour cells, at the time of treatment, into the peritoneal cavity is therefore an unlikely explanation for the lower incidence of intraperitoneal spread in rats receiving laser thermotherapy than in rats undergoing resection of the tumourbearing liver lobe. Owing to its ability to seal vessels, it is possible that laser thermotherapy gives less intravascular tumour cell spread than surgical resection. Surgery has been shown to cause generalized immunosuppression, including depressed function of immune cells, such as lymphocytes, NK cells and non-parenchymal cells of the liver, which have the capacity to kill tumour cells (Pearson et al, 1986; Pollock et al, 1987 Pollock et al, , 1992 Colachio et al, 1994; Oka et al, 1994) . Surgical resection also induces the production and release of growth factors, events that may stimulate cell division of tumours and facilitate recurrence and spread (Goustin et al, 1986; Fisher et al, 1989; Davies et al, 1994) . The role of growth factors may be particularly important after liver resection because of the growth factors produced by the regenerating liver (Loizidou et al, 1991; Mizutani et al, 1992; Jiang et al, 1993) . Local accumulation of growth factors and paracrine regulation of tumour growth may play a role for hepatic recurrence (Jiang et al, 1993; de Jong et al, 1995) . Promotion of extrahepatic tumour growth after liver resection has been demonstrated in some (Paschkis et al, 1955; Namieno et al, 1991) , but not all (Gershbein, 1963; de Jong et al, 1995) , studies. Davies et al (1994) reported that antibodies against circulating host-derived epidermal growth factor (EGF) affected the growth of small tumour implants within the peritoneal cavity but not larger, subcutaneous implants. Thus, even if growth factors released systemically after liver resection do not affect all kinds of extrahepatic tumour growth, it is possible that they played a role for the intraperitoneal tumour spread in the present study.
The incidence and extent of extrahepatic spread was not higher in rats treated with resection of the median liver lobe than in rats undergoing sham laser or sham liver resection treatments. Part of the explanation is, perhaps, that a single liver lobe resection is a relatively minor procedure in the rat, although Slooter et al (1995) reported that resection of the left lateral lobe was enough to produce enhancement of tumour growth in the liver. Nevertheless, these findings indicate that the immunosuppressive effects of surgery or the release of growth factors was not the main factor for the increased extrahepatic spread after resection compared with laser thermotherapy.
Tissue breakdown products obtained after local tumour destruction may give rise to a favourable increase of the immune defence (Dickson and Shah, 1982) . Cryotherapy of liver cancer has been shown to reduce the risk of metastatic spread as compared with excision in a rat liver tumour model, an outcome that was considered to be due to an immunological response (Jacob et al, 1984) . This view was corroborated by the demonstration of resistance to re-challenge after cryodestruction of a subcutaneously inoculated, 3-methylcholanthrene-induced breast adenocarcinoma in the rat (Misao et al, 1981; Miya et al, 1986) . In this context, it is interesting that intraperitoneal spread was also reduced after suboptimal laser thermotherapy or in a tumour cell injection model (Table 3) . Injection of a suspension of tumour cells gives a more pure antigenic challenge (less contamination by stroma and blood cells), although is less reproducible, at least in our hands.
After hyperthermic treatment there are a number of events that favour an immunological response, including delayed cell death (Fajardo et al, 1980) , increased permeability of tumour vessels (Lefor et al, 1985) , increased expression of cancer antigens (Wong et al, 1989 ), increased expression of major histocompatibility complex (MHC) class II antigens (Rees et al, 1991) and increased lymphocyte adhesion to endothelial cells (Lefor et al, 1994) . Many tumours express specific antigens that may be presented to T cells by MHC class I molecules (Kovacsovics-Bankowski et al, 1993; Huang et al, 1994; Falo et al, 1995) . Heat has been shown to induce increased synthesis and surface expression of heat shock proteins (HSPs) in tumour cells (Multhoff et al, 1995; Wei et al, 1996) . Recent studies have suggested that HSPs are involved in eliciting immunity against tumours. HSP70-associated peptides can act as specific immunogenic determinants in tumour cells (Udono and Srivastava, 1993) and HSPs can bind peptides, including tumour-specific peptides, for antigen presentation (Tamura et al, 1997) . It has been suggested that HSPs function as carriers of tumour-associated antigenic peptides and that the antigen-HSP complex is taken up by macrophages, which in turn elicits an immune response via MHC class I on the macrophages (re-presentation of the antigen) (Srivastava et al, 1994) . Our results after suboptimal thermotherapy and reimplantation of viable tumour (Table 3) are consistent with, but do not prove, involvement of immunological mechanisms. In ongoing experiments, we have found increased expression of HSP70 in tumour cells after interstitial laser thermotherapy, which may be of significance because Tamura et al (1997) showed that autologous cancer-derived HSP-peptide complexes are efficient in cancer therapy.
In conclusion, this study showed that interstitial laser thermotherapy reduces the spread of an experimental liver tumour compared with resection. This finding warrants further study.
